Abstract Aims/hypothesis: Depression is associated with excess mortality in patients with type 2 diabetes. We investigated the impact, and possible causal mechanisms, of depression on all-cause and cardiac mortality in patients with type 2 diabetes. Methods: We recruited 1,273 patients with type 2 diabetes from a postcode-defined community (average age 64.1±11.2 years, 48.7% males, median duration of diabetes 4 years [range 1.0-9.0]) and followed them for 7.8±2.4 years. Depression was assessed using data obtained using a quality-of-life questionnaire, and cause and date of death were obtained from the state registry. Results: Depression was present in 31.5% of subjects at recruitment. Depressed subjects had a longer duration of diabetes, more cardiovascular risk factors, CHD, cerebrovascular disease and diabetic microvascular complications at baseline, and higher all-cause and cardiac mortality rates during follow-up. In Cox proportional hazards models and after adjustment for demographic and diabetes-related variables and cardiovascular risk factors, depression was significantly associated with excess all-cause and cardiac mortality. When diabetic microvascular and macrovascular complications were added to the Cox models, depression was not significantly associated with excess all-cause or cardiac mortality. Conclusions/interpretation: Depression in patients with type 2 diabetes is associated with a greater prevalence of complications but is not an independent predictor of all-cause or cardiac mortality. Depression may contribute to the progression of important prognostic variables in diabetes, particularly macrovascular and microvascular disease.
Introduction
The prevalence both of clinical depression and of depressive symptoms in diabetic subjects is twice that in the general population [1] , and older diabetic adults may be especially susceptible to depression [2, 3] . Depression in diabetes has been considered to result from the burden of disease, but there is emerging evidence that depression can also precede the development of type 2 diabetes [4, 5] . The combination of diabetes and depression confers a poor prognosis on affected individuals [6] . In cross-sectional studies, patients with diabetes and depression have high rates of diabetic complications [7] and poor glycaemic control [8] . In the only longitudinal study of depression in type 2 diabetes, depressed patients developed more microvascular and macrovascular disease, greater degrees of physical disability and had a higher all-cause mortality rate than unaffected diabetic subjects [9] . The presence of depressive symptoms, even if below cut-off scores on a rating scale for major depression, was also associated with adverse outcomes [9] .
The most common major complication [10] and cause of death [11] in patients with type 2 diabetes is CHD. Recent reviews have concluded that depression increases the risk of CHD in the general population [12] and significantly worsens prognosis [13] . There are no equivalent data examining the effect of depression on cardiac mortality in patients with diabetes. We have analysed data from a large, well-characterised community-based cohort of patients with type 2 diabetes to assess the impact of depression on subsequent all-cause and cardiac mortality. Given that any effect of depression on survival is likely to be mediated by diabetic complications, or important diabetes-related prognostic factors, including glycaemia and cardiovascular risk factors, we assessed the role of a wide range of demographic and clinical factors known to directly or indirectly influence these variables in type 2 diabetes.
Subjects and methods

Subjects
The Fremantle Diabetes Study (FDS) was a prospective observational study of diabetic patients from a postcodedefined community of 120,097 people in Fremantle, Western Australia. The FDS protocol was approved by the Human Rights Committee, Fremantle Hospital, and all subjects gave informed consent before participation. We identified 2,258 subjects with diabetes between 1993 and 1996 using a variety of methods (surveillance of hospital inpatient and outpatient clinic lists, notification through local general practitioners and allied health services such as diabetes education, podiatry and dietetics, and advertisements in local pharmacies and local media). From these subjects we recruited 1,426 (63%) to annual assessments, of whom 1,294 (91%) had type 2 diabetes. The present study included 1,273 type 2 diabetic subjects who satisfactorily completed questionnaire assessments of depression at study entry. Type 2 diabetes was defined clinically, after excluding secondary diabetes, as that (1) treated with diet and/or oral hypoglycaemic agents irrespective of age at diagnosis; (2) in patients aged ≥60 years at diagnosis whatever the treatment history; and (3) diagnosed between 40 and 60 years of age, treated with insulin at study entry but not at diagnosis, and associated with a BMI >30 kg/m 2 . Identification and recruitment methods, sample characteristics (including classification of diabetes) and details of non-recruited patients have been described in more detail elsewhere [14] [15] [16] .
Clinical and laboratory methods
Baseline assessment We recorded detailed patient data that included diabetes-specific variables, co-morbid conditions and their treatment, smoking and alcohol use, social, economic and educational status, self-assessment of ethnic background, fluency in English and recent physical exercise [14, 17] . All FDS subjects underwent a full clinical examination and provided fasting blood and urine samples for standard biochemical tests including serum glucose, HbA 1 c, serum lipoproteins and albumin:creatinine ratio (ACR) [14, 16] . Peripheral sensory neuropathy was defined using the clinical portion of the Michigan Neuropathy Screening Instrument [18] . A subject was defined as having 'any retinopathy' if any grade of retinopathy, including maculopathy, was detected by direct and/or indirect ophthalmoscopy in one or both eyes and/ or more detailed data in patients assessed for photocoagulation. Self-reported stroke and transient ischaemic attack were amalgamated with prior hospitalisations for these conditions to define baseline cerebrovascular disease (CVD) status. Patients were classified as having CHD if there was a self-reported/hospital history of myocardial infarction, angina, coronary artery bypass grafting, angioplasty, and/or definite myocardial infarction on Minnesota coding of a resting 12-lead ECG (codes 1-1, 1-2) [16] . The ankle:brachial index (ABI) was obtained from brachial and ankle systolic blood pressures using Doppler detection and peripheral arterial disease (PAD) was defined as an ABI ≤0.90 or the presence of a diabetes-related lowerextremity amputation.
Depression symptoms Subjects self-rated the General Health Status questionnaire (GHS) [19] . The GHS was selected from the quality-of-life scales that were available at the time the FDS was designed (1991) to provide valid information relating to several health dimensions in a time-efficient manner. A full explanation of the aim and nature of the questionnaire was provided and an interpreter was used when patients did not speak English fluently.
The GHS covers general mobility (selection of one of six states), self-care (rating of difficulty with washing, dressing, eating and using the toilet), usual activity (selection of one of four states), social and personal relationships (whether health status impacts on social life, contact with relatives/friends, leisure and sex life), feelings (rating of 25 states on visual analogue scales) and general health (single visual analogue rating). The GHS includes questions on mood and subjects are presented with a list that includes the following depressive symptoms (feeling sad or depressed, anxious or worried, uncertainty about the future, anger or resentment, guilt, loneliness, loss of selfconfidence, difficulty sleeping, lack of energy, inability to concentrate) and are asked: 'Over the last 2 weeks, has your state of health led you to experience any of these feelings? If so, how much distress have they caused you?' Each symptom is presented on a 10-cm visual analogue scale that is anchored by 'No distress at all' on the left and 'Extreme distress' on the right.
Validation of depression assessment Since the GHS has not been used previously to assess depression, we examined its validity in a convenience sample of 51 subjects with type 2 diabetes (mean age 67.7±6.0 years; 60.8% males) drawn from other research studies. A trained researcher rated these subjects for the presence of depression syndromes using a validated, semi-structured diagnostic interview for making the major Axis I, Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) depression diagnoses (MINI Screen, version 5.0). All the information and subsequent diagnoses were reviewed by a psychiatrist with experience of depression in clinical disorders (S. E. Starkstein). We decided a priori that GHS depression symptoms were present if the subjects rated themselves at 5 cm (i.e. 50%) or more on the visual analogue scale. In addition, subjects were not required to report sadness, which is required for the DSM-IV diagnosis of major depression, because depressed older persons often do not exhibit the symptom sadness [20] and there is a high frequency of subsyndromal depression in old age [21] .
The association between one or more, two or more and three or more GHS symptoms of depression, respectively, and DSM-IV depression was assessed. We also assessed the effect of making the presence of sadness mandatory for a diagnosis of depression. Twelve of the 51 patients (24%) had clinical depression based on DSM-IV criteria (six major depression, three minor depression and three dysthymia). The presence of two or more GHS symptoms proved a strong predictor of clinical depression because ten of the 12 depressed patients reported two or more GHS symptoms compared with only two of the 39 non-depressed subjects (χ 2 =31.19, p<0.0001) with 83.3% (95% CI: 50.9-97.1%) sensitivity, 94.9% (CI: 81.4-99.1%) specificity, 83.3% (CI: 50.9-97.1%) positive predictive value and 94.9% (CI: 81.4-99.1%) negative predictive value in this sample. Using the presence of one or more GHS symptom reduced the positive predictive value to <70% and using three or more symptoms or mandating that sadness be present reduced the sensitivity to 50% or less. The presence of two or more GHS symptoms was therefore taken as indicating depression in the FDS patients.
Mortality data A government register records the details of all deaths in Western Australia and is part of the larger Western Australian Data Linkage System [22] . These sources provided all-cause and cardiac mortality from the beginning of the study until the end of June 2003. The causes of death were reviewed independently by two of the authors (D. G. Bruce and T. M. E. Davis) and classified as having cardiac causes or not under the same system as used in the UK Prospective Diabetes Study [23] . When there was disagreement between the raters, a final decision was based on consensus.
Data analysis and statistical methods
The computer package SPSS for Windows (Version 11.5; SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Data are presented as proportions, means (standard deviation, SD), geometric mean (SD range), or, in the case of variables which did not conform to a normal or lnnormal distribution, median (interquartile range). Student's t test was used for comparison of two means, Fisher's exact test was used for two proportions, and the χ 2 test was used for multiple proportions. Two-group non-parametric comparisons were by Mann-Whitney U test. A significance level of p<0.05 was used throughout.
Cumulative survival curves constructed using KaplanMeier estimates for patients remaining alive in the two groups defined by baseline depression status were compared using log-rank tests. Cox proportional hazards modelling (forward conditional, variable entry and removal with p<0.05 and p>0.10, respectively) was used to determine independent predictors of all-cause and cardiac mortality. All clinically plausible univariate variables with p<0.20 were considered for entry into the models. We explored the role of depression and diabetic complications in death by constructing two Cox models for each of allcause and cardiac mortality: (1) baseline demographic, diabetes-related and cardiovascular risk factors alone (Model A); and (2) Model A plus individual macrovascular and microvascular diabetic complications (Model B).
Results
Baseline data and crude mortality Amongst the 1,273 patients, 53.7% reported no depressive symptoms and 14.8% reported a single depressive symptom. The 31.5% who reported at least two symptoms were classified as having depression. Table 1 summarises the baseline characteristics of subjects classified by depression status. Depressed subjects were more likely to be female, to have diabetes of longer duration, to consume less alcohol, to take less physical exercise, and to be more obese, to have worse serum lipid profiles and a greater prevalence of CVD, CHD and microalbuminuria. They were also more likely to be taking antidepressant medication, although only 12% were doing so. After a mean follow-up of 7.8± 2.4 years, 369 (28.5%) had died, 152 (11.9%) from cardiac causes. Depressed subjects were significantly more likely to have died of all causes as well as of cardiac causes.
Predictors of all-cause mortality A large number of variables including depression were significantly associated in univariate analyses with allcause mortality. Cumulative survival curves, constructed using Kaplan-Meier estimates, of patients remaining alive by depression status were significantly different (Fig. 1,  p=0 .0023, log-rank test). Cox proportional hazards modelling was used to explore independent predictors of time to death from all causes ( Table 2) . In the models, there were significant interactions between ln(time) and depression status (p<0.025), indicating that the proportional hazards assumptions may be invalid. However, the log(-log [survival]) curves were parallel and inspection of the residual beta versus time plots for all significant covariates revealed no outliers. It was therefore concluded that the non-proportionality made no difference to the interpretation of the data [24] .
After adjustment for demographic, diabetes-related and cardiovascular risk factors, but not for diabetic complications (Table 2 , Model A), baseline depression status was independently associated with time to death with an excess mortality of 38%. When diabetic complications were added ( Table 2 , Model B), depression status was associated with a non-significant 21% increase in all-cause mortality. We examined for interactions between each of the main effects and depression in this model and found no significant interactions. In a Cox model that included for comparison purposes only adjustments for age, sex, diabetes duration and indigenous ethnicity, depression status was independently associated with time to death with a significant Predictors of cardiac mortality CHD was the commonest cause of death (41.2%). As with all-cause mortality, a large number of baseline variables including depression were significantly associated with cardiac death in univariate analyses. Cumulative survival curves for patients defined by baseline depression and cardiac death were significantly different (Fig. 2 , p< 0.0169, log-rank test). Cox models of predictors of cardiac death were constructed as described above. After adjustment for demographic, diabetes-related and cardiovascular risk factors, but excluding diabetic complications, depression status was associated with a significant 56% increase in cardiac mortality (Table 3 , Model A). After adjustment for all relevant variables, including complications, depression status was associated with a non-significant 15% increase in cardiac mortality ( only for age, sex, diabetes duration and indigenous ethnicity, depression status was independently associated with time to death with a significant excess cardiac mortality of 60.0% (95% CI 15.5-123.3%, p=0.005).
Discussion
We investigated the impact of co-morbid depression on mortality in a large cohort of Australian patients with type 2 diabetes who were followed for an average of 7.8 years.
Other studies have found that depression is common in those with diabetes [1] and approaching one-third of our patients were depressed by our validated criteria. However, after adjusting for a range of other significant predictors, including diabetic microvascular complications and macrovascular disease, depression was not a significant determinant of either all-cause or cardiac mortality in our cohort. Although baseline clinical depression was a significant predictor of mortality in univariate statistics, Cox modelling showed that other variables, particularly the presence of baseline micro-and macrovascular complications, had stronger relationships with mortality than depression. The depressed patients had a higher prevalence of CHD, CVD and nephropathy at baseline. This suggests either that depression arose secondary to diabetic complications (i.e. as a result of the burden of disease) or that depression was an aetiological factor in the development of micro-and macroangiopathy through behavioural effects [25] and/or direct pathophysiological changes [26, 27] .
Our results indicate that behavioural effects secondary to depression may be at least partly responsible for the increased mortality rates. The depressed subjects took less physical exercise and were no more likely to be taking lipid-lowering therapy despite having a higher prevalence na not applicable of dyslipidaemia. These findings parallel those in a study of diabetic subjects with major depression who had difficulty adhering to diet and exercise programmes and who had reduced compliance with prescribed medications [28] . Such behavioural attributes would be expected to contribute to the development and progression of both macroangiopathy and renal disease. Given that there is evidence of an independent causal link between depression, CHD and cardiac death in the general population [12, 13] , the present study suggests that this does not apply in patients with type 2 diabetes. Determining whether the relationship between depression and mortality is real with diabetic complications as the mechanism, or an artefact, i.e. that complications precede depression or both occur secondary to some other cause, would require more information on the sequence of events. The literature on this topic is confusing with studies demonstrating that depression can predate the onset of diabetes [4, 5] and that depression is associated with the development of diabetic complications [9] .
In the only longitudinal study to consider the causes of poor outcomes as a result of depression in diabetes, one conducted in older Mexican Americans [9] , there was a significant relationship between baseline depression and the subsequent development of micro-and macrovascular complications and all-cause mortality. However, the presence of complications was not adjusted for in the models examining mortality, while other data, including biochemical variables such as HbA 1 c and serum lipids, smoking and alcohol history, exercise history and treatment for vascular risk factors, were not available for analysis [9] . A recent examination of the First National Health and Nutrition Examination Survey in the USA found an excess all-cause mortality rate in diabetic subjects with depressive symptoms, but did not examine cardiac mortality or the impact of complications [29] .
The characteristics of our depressed patients were consistent with reports from other studies where depression was more common in females [30, 31] and was associated with physical inactivity [4] and diabetic complications [7] . We also found that depressed patients had worse lipid profiles. In contrast to a recent meta-analysis [8] , we found no difference in glycaemic control or in blood glucoselowering treatment between patients with or without depression. This inconsistency may reflect patient selection since the studies included in the meta-analysis had small sample sizes [8] . Few of our depressed patients were treated with anti-depressant medication, consistent with the suggestion that depression in diabetic subjects is often undiagnosed and under-treated [32] .
The major limitation of the present study is that we did not utilise a validated depression instrument but adapted a subscale embedded in a quality-of-life measure. Previous authors have used similar methodology [33] and we validated our method in an independent sample. We used the term clinical depression to denote major depression, minor depression or dysthymia, but could not distinguish between the categories even though major depression is more strongly associated with poorer outcomes [7] . Inventories of depressive symptoms may be overly sensitive to somatic complaints in chronic medical conditions such as appetite change or fatigue associated with hyperglycaemia, although diabetes may not be a major confounder of the diagnosis of depression [34] . For these reasons, we are likely to have overestimated the prevalence of depression, thereby diluting potential differences between depressed and non-depressed subjects. Our estimated prevalence rate of depression was consistent with rates for depressive symptomatology that have been reported in a meta-analysis of studies of diabetic populations and was higher than rates based on diagnostic interviews [1] . Depression and complications were assessed only at baseline and we have no data on the duration, recurrence or impact of depression treatment. It might be expected that prolonged depression, as has been documented in patients with diabetes [25] , would be required for significant effects on mortality. We also have not explored the impact of incident or progression of complications on important self-care behaviours.
The strengths of the present study are the accuracy of diabetes diagnosis, the representative nature of the cohort and the detailed assessment of a large number of important diabetes-related variables and co-morbidities. This includes supplementation of the self-reports with clinical examinations and laboratory and hospital data. In addition, the Western Australian Data Linkage System provided a unique resource to accurately determine the cause and date of death [22] .
Although we did not find depression to be an independent determinant of death, our data suggest that it may be a major contributing factor to other important prognostic variables. Further research is required to confirm our findings and to consider whether and how depression has an impact on the development and progression of diabetic complications. Recent trials indicate that effective treatment of depression is possible in diabetic patients and can lead to improvements in the mood disorder [35, 36] . Future studies of the treatment of depression in patients with diabetes should include a consideration of how to optimise the management of diabetic complications to improve the prognosis of type 2 diabetes.
